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Abstract
This study examines the equivalence of the City University color vision test (CUT) to the Farnsworth-Munsell D-15 (D-15).
This information is important because a number of occupations require individuals to pass either the D-15 of the CUT. Using
two or more major crossings on the D-15 as failure, our results indicate that agreement between tests can be improved if the
failing criterion for the CUT is either ?:': 5 total errors, or ?:': 2 errors on the large circles. Our preference is to use the criterion
based on the large circles because there is a marginal improvement in agreement between the two tests for protanopes. © 1998
Elsevier Science Ltd. All rights reserved.
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1. Introduction
One of the purposes of color VISIOn testing is to
establish both the type and severity of the defect. Since
many screening tests do not provide this information
reliably, other tests are frequently necessary. The
Farnsworth-Munsell D-15 is often used for this pur-
pose. For example, in Canada, several law enforcement
agencies use the D-15 test to determine whether an
applicant with a color vision defect has adequate color
discrimination for the job. However, the D-15 requires
patients to manipulate the caps which can result in
deterioration of the colors and difficulties for patients
with dexterity problems. The D-15 may also require
patients to have a concept of a natural color order
depending on the instructions given.
In order to reduce these testing problems associated
with the D-15, the City University Test (CUT) was
designed. The second edition contains ten test pages.
Each page has a central reference color and four sur-
rounding test colors [1]. The patient's task is to identify
which of four test circles is most similar in color to the
reference. Three of the test colors have been selected so
that they are approximately isochromatic with the ref-
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erence for the protanope, deuteranope, or tritanope.
The fourth color was selected to be just noticeably
different from the reference for a color-normal.
Selection of several color combinations is based on
the D-15 test. For this reason, the CUT is often consid-
ered as a substitute for the D-15. However, both the
first and second editions of the CUT contain plates that
evaluate confusions with gray. The second edition also
contains pages with lower chroma colored disks that
have an angular size that is a factor of 0.625 smaller.
Because of these features, the second edition of the test
should be considered as a hybrid of the D-15, Adams
Desaturated D-15 and the New Color Test of
Lanthony.
Honson and Dain [2] have evaluated the colorimetric
properties of the second edition of the CUT and dis-
cussed the implications of the changing size and
chroma in terms of the CUT's performance.
Although the CUT testing format eliminates some of
the problems associated with the D-15, there are some
potential problems in testing with the CUT. It is possi-
ble that none of the test colors are a 'close' match to
the reference for a patient or more than one color could
be a close match. Also, the patient still has to indicate
which of the test colors match either by pointing or
verbally. This could present a problem for multiply
challenged individuals.
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Given that the second edition of the CUT is only
partially derived from the D-15 and the CUT is often
used as a substitute for the D-15, we were interested in
whether these two tests are interchangeable. Previous
studies have shown that approximately 70% of the
color-defectives fail the second edition [2-4]. This per-
centage is similar to the failure rate for the D-15.
Despite the similar failure rates of the two tests, there is
not 100% agreement. Birch [4] reports that only 60%
fail both the CUT and D-15. Protans are more likely to
pass the CUT than deutans. However, in Birch's study
[4], the criterion for failing the D-15 was more than one
minor transposition. This criterion is more stringent
than stated in the D-15 instructions. In this study, we
will compare the two tests using two or more, major
crossings on the D-15 as a failure.
2. Methods
Both tests were administered to 81 color-normals and
70 individuals with congenital red-green color vision
defects. These tests were administered as part of a
larger study on color vision demands in the rail indus-
try. There were ten protanopes, 11 deuteranopes, 19
protanomals and 30 deuteranomals in the color-defec-
tive sample. Color vision was classified using a Nagel
Anomaloscope with matching ranges determined using
the white adaptation mode and Farnsworth-Munsell
100 Hue test (FM-100). The age range of the color-nor-
mal group was 18-63 years with a mean age of 29
years. The age range for the color-defective group was
19-67 years with a mean age of 34 years. A MacBeth
daylight lamp was used to illuminate both tests. The
illuminance on the tests varied from 275-325 lux.
The order of testing was the D-15, CUT, FM-lOO
and anomaloscope. For the D-15, subjects were in-
structed to place the loose cap in the tray which was
closest in color to the last cap already in the tray. These
instructions were given in order to avoid conceptual
problems associated with color ordering and to make
the tasks required by the two tests more similar. Sub-
jects were allowed to review their ordering and make
any necessary changes. For the CUT, subjects were
instructed to indicate which of the four test colors was
the closest match to the central color. There was no
time constraint placed on either test.
Failure on the D-15 occurred whenever there were
two or more, major crossings that were parallel to one
of the confusion axes on the score sheet. A major
crossing in this study was defined as an algebraic
difference between adjacent caps that was greater than
three. In the rare instance where the crossings were
mixed red-green and tritan, the individual always had
more than two major crossings which paralleled the
red-green axes. The D-15 pass-fail results where then
compared to the CUT using different numbers of errors
as possible failure criteria.
Both tests were repeated no sooner than 10 days after
the first session. The majority of subjects repeated the
tests after 2 weeks. All testing conditions at the second
session were identical. There were 70 color-normals and
60 color-defectives that participated in the second ses-
sion. The proportion of the different types of defects at
the two sessions was statistically identical. (X2 = 0.2)
3. Results
3.1. Color-normals
There were 98% of the color-normals who passed the
D-15 at the initial session and 99% who passed at the
second session. There were 95% of the color-normals
who had a perfect score at the first session and 97% at
the second session.
There were two color-normals who failed the D-15 at
the first session and both participated in the second
session. One person exhibited a tritan defect initially,
but arranged the caps perfectly at the second session.
He did not make any errors on the CUT at either
session and had an average FM-lOO error score for his
age. The other subject also failed at the second session.
However, the defect switched from red-green to tritan.
Except for the FM-lOO, his other test results were
within normal limits and the CUT was performed
without error at both sessions. The FM-lOO score was
well outside of the normal limits and exhibited a blue-
yellow axis. In talking with the subject, we believe that
he had difficulty understanding the arrangement tests.
The CUT test instructions state that two to three
repeatable errors is a borderline performance, especially
if the errors are made on the small-sized low chroma
disks, and persons making four or more errors are
considered to have an unsafe color vision defect [1]. We
interpret the unsafe classification to mean that the
defect is severe enough to prohibit the person from
working in an occupation that routinely requires color
judgments. This is similar to the interpretation applied
to a person who fails the D-15.
The maximum number of errors made by any indi-
vidual color-normal at the initial session was one. Er-
rors were approximately equally distributed between
the large and small disks and between red-green and
tritan errors. Thus, all the color-normals passed the
CUT at the first session. In addition, 94% of the
color-normals had a perfect score at the initial session.
All the individuals who made mistakes on the CUT
arranged the D-15 caps perfectly.
At the second session, all but one color-normal had a
perfect score on the CUT. This individual also made a
mistake at the first session. Interestingly, he made two
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• Total Errors on City University Test
o Large Circle Errors on City University Test
errors at the second session. The errors at both sessions
were on the small-sized, lower chroma disks. However,
he had a tritan error at the first trial and red-green
errors at the second trial. His error score on the FM-
100 was slightly better than the average for his age
group and there was no distinctive pattern to his errors.
Taking into account the results from both sessions,
the maximum number of errors made by any color-nor-
mal on the CUT was two and those occurred on the
lower chroma disks. Thus, no adult color-normal was
misdiagnosed as having a color vision defect severe
enough to limit their employment opportunities,
whereas slightly over 1% of the color-normals could
potentially have limited career opportunities based D-
15 results. Of course, this assumes that both tests are
administered to all applicants without an initial screen-
ing test.
3.2. Color-defectives
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Table I
Cohen's Index of agreement (K) for repeatability of the D-15 and
City University tests using the various failure criteria. Results are for
the color-defective subjects
Using two or more crossing, as a failure, only 41% of
the color-defectives passed the D-15 at the first session
and 38% of the color-defectives passed at the second
session. The slightly lower percentage of subjects who
passed at the second session was primarily due to
attrition of subjects with the more mild defects. The
percentage who passed at both sessions was 92%. Five
subjects (8%) had discrepant results on the two ses-
sions. There were two deuteranomals, two protanomals,
and two protanopes. The anomalous trichromats were
equally divided between those that failed just at the first
session and those that failed at just the second session.
The protanope results will be discussed later. Table 1
lists Cohen's Index of Agreement (K) for the repeatabil-
ity of the D-15. The K values indicate the results from
the two sessions agreed approximately 86% of the time
as to who passed at both sessions and who failed at
both sessions.
Failure criteria K
D-15
~2 Major crossings 0.86
Any Error 0.84
City University Test
~4 Total errors 0.78
~ 5 Total errors 0.86
~ 2 Errors on the large circles 0.93
Any error 0.52
Any error on the large circles 0.86
95% Confidence inter-
val
0.73-0.99
0.69-0.99
0.66-0.94
0.73-0.99
0.82-0.99
0.30-0.70
0.73-0.99
Fig. 1. Index of agreement (K) between the D-15 and CUT the using
the number of errors listed on abscissa as the CUT failure criteria.
Error bars represent the 95% confidence intervals.
The CUT was compared to the D-15 using the
number of total errors and the number of errors made
only the large-sized circles. Fig. 1 shows the K values
for agreement for the first session between the tests for
the different CUT failure criteria. The figure shows that
the maximum K occurs when using five or more total
errors and two or more errors on the large circles. The
K values for the alternative criteria indicate that the
D-15 and CUT agreed approximately 90% of the time
as which individuals failed both tests and which indi-
viduals passed both tests. Because the 95% confidence
intervals of these two latter criteria do not contain the
value for recommended failure criterion, we conclude
that both alternative criteria are better in terms of
agreement with the D-15 than those stated in the test
instructions.
Although the agreement between the D-15 and each
alternative criterion are nearly identical, the two differ
slightly in the number of false positives and false nega-
tives. A false positive is defined as passing the D-15 and
failing the CUT indicating that the CUT is too sensitive
relative to the D-15. A false negative is defined as
failing the D-15 and passing the CUT indicating that
the CUT is less sensitive. Fig. 2 shows the false negative
and false positive errors for the total errors and errors
on the large-sized circles. Both alternative CUT criteria
produced a lower number of false positives relative to
the recommended criteria of four or more errors.
In terms of specificity and sensitivity, the recommend
criterion has a specificity of 0.83 and a sensitivity of
0.95, two or more errors onthe large-sized circles has a
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3.3. Repeatability
The previous results for the color-defects indicate that
both alternative criteria show better agreement with the
0-15 than the recommended four or more total errors.
Another issue in selecting a failing criterion for the CUT
is repeatability. Table 1 shows that the I( values for
repeatability are essentially identical to the 0-15 regard-
less of the criteria used. This conclusion is based on the
result that all CUT I( 'S fall within the 95% confidence
interval of the 0-15 /( value for repeatability. This result
indicates that repeatability is not an issue in choosing
between the various CUT failure criteria. Nevertheless,
the higher index for repeatability of errors on the large
circles relative to the other CUT criteria suggests that
this criterion may be preferred.
3.4. Perfect performance
Results from this study indicate that there is good
agreement between the 0-15 and CUT when the failure
criterion of two or more major crossing is used for the
0-15. Nevertheless, there were some color-defective
subjects who had a perfect scores on both tests and one
might be interested in the correspondence between per-
fect scores on both tests .
With respect to the 0-15, 33% of the color-defectives
had a perfect score initially and 96% of these individuals
obtained perfect scores at both sessions. The /( value for
repeatability shown in Table I is comparable to the
value using two or more errors as the failing criterion.
In contrast, only 13% had a perfect performance on the
CUT. All of these latter individuals also had a perfect
performance on the 0-15. There were no individuals
who had perfect score on the CUT and made errors on
the 0-15. The resulting /( value for agreement using
perfect scores on both tests is 0.46. This poor agreement
is expected because of the smaller differences in color
between the lower chroma disks make the CUT more
sensitive. Besides the poor agreement, Table 1 shows
that the /( value for repeating perfect score on the CUT
is only 0.52. The discrepancies between the sessions were
about equally divided between those who did better and
those who did worse at the second session.
The agreement between the two tests improves if just
the large circle responses on the CUT are compared. Of
the individuals who scored perfectly on the 0-15, 83%
also had a perfect score on the CUT large circles. All of
the 17% who scored perfectly on the 0-15, but had
errors on the CUT were deuteranomalous. Again none
of the subjects who had a perfect score on the large
circles made an error on the 0-15. The /( value for
agreement was 0.86 with a standard error of 0.065.
Table I shows that a perfect performance on the large
circles is also more repeatable than a perfect overall
score.
• Total Errors: False Positives
() Total Errors : False Negative
• large Circle Errors : False Postives
o large Circle Errors : False Negalives
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specificity of 0.93 and a sensitivity of 0.98, and five or
more total errors has a specificity of 1.0 and a sensitivity
of 0.93. Thus, two or more errors on the large-sized
circles is the most sensitive criterion and five or more
total .errors is the most specific criterion.
The changes in specificity and sensitivity across the
three criteria were primarily due to changes in the
percentage of deuteranomalous individuals who passed
and failed the CUT. However, there is a minor, but
important factor that also affects the performance of the
CUT at these different criteria. This factor is the num-
ber of protanopes who failed the 0-15, but passed the
CUT. The recommended CUT criterion allowed one
protanope to pass and the criteria of five or more errors
allowed two protanopes to pass . If just responses on the
large circles are considered, then all the protanopes
failed at the initial session when two or more errors was
used. All the protanopes failed the 0-15 at the first
session.
There was one protanope who passed the CUT at the
second session using either the alternative CUT criteria
or the recommended criterion. However, this individual
also passed the 0-15 at the second session - so the
improvement between sessions was consistent across the
tests. All the deuteranopes failed the CUT and 0-15
regardless of the criteria applied at both sessions.
Fig. 2. Proportion of false positives and false negatives using the
number of total errors listed on the abscissa as the CUT failure
criteria (circles) and using the various number errors on large-sized
circles as the CUT failure criteria (squares) .
D. Oliphant, J.K. Hovis / Vision Research 38 (1998) 3461-3465 3465
4. Conclusions
In situations where the CUT is an acceptable substi-
tute for the D-15, agreement between the tests is better
when the CUT failure criterion is five or more total
errors or two or more errors on the large-sized circles.
This holds when a failure on the D-15 is two or more
major crossings. In terms of overall agreement, using
two or more errors on the large-sized circles is slightly
more sensitive and this criterion is less likely to miss
protanopes. The result that the CUT is less sensitive
than D-15 for pro tans has been reported previously
[2,4]. Alternatively, a smaller number of errors could be
used as the failure for a protan, but there may not be a
reliable classification when only few mistakes are made.
Our results show that 93% of the color-defectives will
fail both tests. This is higher than the 60% reported by
Birch [4] for a larger group of subjects. The major
reason for the difference is the different criteria used for
failing the tests. Birch used more than one minor
transposition for the D-15 and four or more errors on
the CUT. If we adopt the same criteria for both tests,
then the percent who failed both tests drops to 72%. In
this case, the D-15 is more sensitive than the CUT.
This last comparison and our results for the perfect
scores show an obvious problem in equating the D-15
and CUT. This problem is that the agreement between
the tests will vary with the failing criteria selected for
each test. Our results indicate that agreement between
the two tests is better if the results for just the large
circles are considered. This is expected because the large
circles are more similar to the actual D-15 test colors.
Our results also raise the issue of how to equate the
two tests for maximum agreement. One could fix the
D-15 failure criterion at various levels and then find the
error scores on the CUT that gives the maximum level
of agreement for each criterion. Perhaps a more effi-
cient method would be to determine how well error
scores correlate between the tests when they are ex-
pressed in color difference units and use this informa-
tion to equivalent failure criteria for the two tests.
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